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雪旺细胞前体细胞 (Schwann cell precusor, SCP） 
髓鞘化雪旺细胞（myelinating Schwann cell,mSc） 
非髓鞘化雪旺细胞（non-myelinating Schwann cell, nmSc） 
核孔复合体（nuclear protein complex，NPC） 
核孔蛋白（nucleoporin,Nup） 
透射电子显微镜（Transmission electron microscopy, TEM） 
实时定量 PCR（realtime fluorescence quantitative PCR，qPCR） 
逆向荧光恢复技术(inversefluorescence recovery after photobleaching, iFRAP) 
房颤(Atrialfibrillation，AF) 
内脏异位(heterotaxy, Htx) 
神经嵴细胞 ( neural crest cell, NCC) 
细胞外基质（extracellularmatrix, ECM） 
Sox 10 (sex determining region Y box 10, sox10) 
BFABP (Brain fatty acid-binding protein, BFABP) 
BCA(bicinchoninic acid, BCA） 
TUNEL(Transferase-mediated deoxyuridine triphosphate-biotin nick end labeling) 
髓磷脂碱蛋白(myelin basic protein，MBP) 
4,6-二脒基-二苯基吲哚（4,6-diamino-2-phenyl indole，DAPI） 
二甲基亚砜（Dimethylsulphoxide，DMSO） 
十二烷基磺酸钠（Sodium dodecyl sulfonate，SDS） 
磷酸缓冲液（Phosphate-buffered saline，PBS） 






















的组成成分，属于核孔复合体骨架核孔蛋白亚类。 Nup107-160 复合体作为 NPC







的胚胎致死，seh1 敲除也可能导致胚胎致死，常规的基因敲除无法研究 seh1 在
小鼠出生后的发育过程中的作用。因此，我们采用了条件性敲除的方法，利用
Dhh-Cre 在雪旺细胞的前体细胞中特异性的敲除 seh1，进而建立了 seh1 在雪旺
细胞发育中研究的条件性敲除小鼠模型。 





增长，异常的 Remak Bundle 逐渐变成更大的 Remak Bundle。这说明，在雪旺细






































Nuclear envelope of eukaryocyte separates the DNA and cytoplasm, which enable cell 
to regulate many kinds of program by controlling exchange between cytoplasm and 
cell nuclei. Nuclear pore complex (NPC) is the only way of transportation between 
cytoplasm and nucleus and locates in the nuclear envelope, consisted of lots of 
nucleoporins (Nups ). 
Recent study shows that Nups play roles in cell cycle progression and individual 
development, especially the development of neural system. Nups Seh1 is a member of 
Nup107-160 complex, a primary subunit of nuclear pore complex (NPC) and contains 
9 subunits. The complex is involved in the regulating of mRNA export and 
assembling and disassembling of NPC. The study in cell and yeast implied that knock 
down of subunits of Nup107-160 might impair the formation of spindle during 
mitosis, which causes cell cycle abnormality. This indicates that seh1 may play key 
roles in the regulation of individual development. The past research about seh1 is 
limited in the cell lines and drosophila model, rare study is done in vertebrate animal 
like mice. As traditional knock-out often results in embryonic lethal and make it 
impossible to study postnatal development progress, we make use of Cre-LoxP 
system to knock out seh1 in Schwann cell precursor specifically with Dhh-Cre and 
built up our mice model. 
Mice with seh1 knocked out would become thinner since P45 and lame at about P60. 
Our study showed .that the knock-out of seh1 has no effect on the development of 
myelinating Schwanncells, though mild influence on the onset of myelinationwas 
observed. However, we found that the development of non-myelinating Schwann cell 
was disturbed, causing abnormality in axon sorting and formation of abnormal Remak 
Bundle. As the development of the phenotype, the Remak Bundle gradually become 
bigger and is comprised of more small axon fibers. All of those indicate that Nups 
















For the first time, we apply conditional knock-out strategyto study Nupin mice and 
prove that seh1 took part in the regulation of neural development, especially in the 
development of gialcell in peripheral nerve system.  



























































































































图 1.2 importin αβ介导的核质转运 
 
1.1.3 Nups 的表达具有组织特异性 
一直以来，人们认为 Nups 作为核孔复合体的组成单元，在组织内的表达没有特
异性。然而，现代研究表明，Nups 的功能不局限于构成核孔复合体。研究发现




强染色。Schneider 等研究 Nup88 的同种异体在鸡胚胎中的表达时，也发现
Nup88 的表达具有器官特异性及选择性[14]。NupBS-63(RanBP2/Nup35 的剪切异
构体)是人精细胞和精子中特异表达的核孔蛋白。又如睾丸中 NpaP60 的表达量是
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